PACAP stimulates the sustained phosphorylation of tyrosine hydroxylase at serine 40.
Tyrosine hydroxylase (TH) is the rate-limiting enzyme in catecholamine synthesis. Its activity is controlled by PACAP, acutely by phosphorylation at Ser40 and chronically by protein synthesis. Using bovine adrenal chromaffin cells we found that PACAP, acting via the continuous activation of PACAP 1 receptors, sustained the phosphorylation of TH at Ser40 and led to TH activation for up to 24 h in the absence of TH protein synthesis. The sustained phosphorylation of TH at Ser40 was not mediated by hierarchical phosphorylation of TH at either Ser19 or Ser31. PACAP caused sustained activation of PKA, but did not sustain activation of other protein kinases including ERK, p38 kinase, PKC, MAPKAPK2 and MSK1. The PKA inhibitor H89 substantially inhibited the acute and the sustained phosphorylation of TH mediated by PACAP. PACAP also inhibited the activity of PP2A and PP2C at 24 h. PACAP therefore sustained TH phosphorylation at Ser40 for 24 h by sustaining the activation of PKA and causing inactivation of Ser40 phosphatases. The PKA activator 8-CPT-6Phe-cAMP also caused sustained phosphorylation of TH at Ser40 that was inhibited by the PKA inhibitor H89. Using cyclic AMP agonist pairs we found that sustained phosphorylation of TH was due to both the RI and the RII isotypes of PKA. The sustained activation of TH that occurred as a result of TH phosphorylation at Ser40 could maintain the synthesis of catecholamines without the need for further stimulus of the adrenal cells or increased TH protein synthesis.